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PRELIMINARY MAP OF THE STRUCTURE OF THE 
PRECAMBRIAN SURFACE IN EASTERN KENTUCKY 
James A. Drahovzal and Martin C. Noger 
INTRODUCTION 
This preliminary interpretation of the Precambrian 
unconformity surface in eastern Kentucky is based on 
data available to the Kentucky Geological Survey (KGS) 
as of November 1994. In early 1995, additional data 
became available to the KGS. Subsequent work using 
the new data should result in a more complete inter- 
pretation of the area within the next several years. 
The map illustrates the Rome Trough and associated 
structures of the Precambrian surface, and as such con- 
tributes to an understanding of the regional geology, 
geologic evolution, distribution of energy and mineral 
resourc'es, and potential geologic hazards. While it can- 
not be considered a prospecting tool, using it in combi- 
nation with other data sets will aid exploration and as- 
sessment efforts. The map is also intended to stimulate 
discussion and encourage others to contribute to a fuller 
understanding of the nature and configuration of the 
Precambrian surface. 
The mapping was partially supported by the Atlas 
of Major Appalachian Gas Plays project funded by the 
U.S. Department of Energy, Morgantown Energy Tech- 
nology Center (Cooperative Agreement DE-FC21- 
91MC28176) through the Appalachian Oil and Natural 
Gas Research Consortium. The GTS Corporation, of 
New Orleans, La., provided some of the seismic data 
used in developing the map. 
PREVIOUS WORK 
The Rome Trough dominates the basement surface 
configuration in eastern Kentucky (Fig. 1). The trough 
was first described by Woodward (1961) and noted by 
Thomas (1960), who recognized the abrupt thickening 
of the Cambrian sediments to the southeast. The fea- 
ture was named "Rome Trough" by McGuire and 
Howell (1963), who also constructed several cross sec- 
tions across the feature. Anumber of other workers have 
also constructed cross sections, mapped faults, or 
mapped park of the basement structure in eastern Ken- 
tucky (Webb, 1969; Silberman, 1972; Weaver and 
McGuire, 1977; Silberman, 1981; Sutton, 1981; Beardsley 
and Cable, 1983; Cable and Beardsley, 1984; Black, 1986; 
Shumaker, 1987; Hamilton-Smith, 1988; Hamilton- 
Smith and others, 1989; Lowry and others, 1990). Grav- 
ity models and interpretations also have been con- 
structed for park of the trough in Kentucky (Ammer- 
man and Keller, 1979; Keller and others, 1981,1982). 
Only three regional maps showing the top of the base- 
ment in eastern Kentucky have been previously pub- 
lished (McGuire and Howell, 1963; Harris, 1975; 
Cardwell, 1977). Drahovzal and others (1992) included 
the western part of the basin on a structure map of cen- 
tral Kentucky; however, this interpretation was differ- 
ent from the current map, which benefited from addi- 
tional data. 
METHODS 
The map of the Precambrian unconformity surface 
presented here is a compilation from three main sources; 
well data, interpreted proprietary seismic data, and 
published gravity data. In addition, surface geologic 
data were used to help delineate the fault patterns. 
The well data used in the study are derived from the 
well record and stratigraphic tops data bases, in the 
Geologic Data Center at the Kentucky Geological Sur- 
vey.' Primary data sources for the stratigraphic tops 
were reviewed and updated. In addition, Knox Dolo- 
mite thickness was recorded for all wells that penetrated 
the formation to help delineate locations of probable 
basement faults. 
Seismic data points on the map are from interpreta- 
tions of reflection seismic data made at selected points 
on a variety of proprietary data sek made available to 
the Kentucky Geological Survey. Some of the seismic 
data used are from sketches KGS made and notes taken 
when data were temporarily made available to KGS or 
University staff. Several interpretations were made from 
company-authorized detailed sketches drawn by Peter 
T. Goodmann (personal communication, 1993) as part 
of his doctoral dissertation at the University of Ken- 
tucky. 
All interpreted seismic data points were converted 
to approximate true depth in feet below sea level. The 
velocities used in making the conversions from two- 
'A computer printout listing these wells, the stratigraphic tops, and other pertinent well information, together with a map 
showing the locations of Cambrian and deeper test holes, can be plllrhased from KGS. 
2 Preliminary Map of the Structure of the Precambrian Surface in Eastern Kentucky 
Figure 1. Basement features referred to in the text. 
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way travel times to approximate true depths were 15,200 
feet per second (ft./sec.) for the post-Knox, 21,300 
ft./sec. for the Knox, and 18,000 ft/sec. for the pre-Knox 
sections. Velocity determinations were derived from 
sonic logs for wells in the area of study and the sur- 
rounding area, and from comparisons to interval thick- 
nesses represented in the well data. Nevertheless, true 
depths to basement are estimated to be accurate to only 
+10 percent. The appropriate seismic datum was taken 
- 
into consideration for each data set. Notations on the 
map indicate where vertical control is questionable. 
Because of the lack of detailed information on shot-point 
locations, some points may be mislocated by up to sev- 
eral miles. 
The gravity data points on the map are from selected 
points interpolated from the gravity profiles published 
in the diagrams of Ammerman and Keller (1979, Figs. 
4,6,7) and Keller and others (1981, Fig. 6). 
The three data sets were usually compatible. In the 
few cases where two or more types of data obviously 
conflicted, the data judged to be the most reliable were 
used. In several instances, gravity data were excluded 
when they conflicted with well data. 
Fault patterns and styles were derived from Wilson 
and Sutton (1973,1976), McDowell and others (1981), 
Shumaker (1987), Noger (1988), and Drahovzal and oth- 
ers (1992); from the interpretation of the seismic data; 
and from interpolation suggested by the total data set. 
DISCUSSION 
General Structure 
The basement in eastern Kentucky is dominated by 
the Rome Trough (Fig. 1). The Rome Trough extends 
eastward across the State from the Grenville Front in 
central Kentucky. The trough is part of a larger Cam- 
brian extensional feature, extending northeastward 
across West Virginia and Pennsylvania into southern 
New York, and is associated with the similar-age Rough 
Geek Graben and Reelfoot Rift farther to the west in 
western Kentucky and Tennessee, eastern Missouri and 
Arkansas, and northwestern Mississippi (Hairis, 1975, 
1978; Wagner, 1976; Beardsley and Cable, 1983; Harper, 
1989; Thomas, 1991; Potter and Drahovzal, 1994). The 
separation of the Rome Trough from the Rough Geek 
Graben occurs in the area of the earlier Keweenawan(?) 
(1.0 Ga?) East Continent Rift Basin, which was appar- 
ently inverted in part during the Cambrian (Drahovzal 
and others, 1992; Potter and Drahovzal, 1994). The Rome 
Trough lies entirely on the Grenville allochthon, which 
was emplaced about 990 to 880 Ma (Lidiak and others, 
1966; Keller and others, 1981; Hoppe and others, 1983; 
Lucius and Von Frese, 1988; Drahovzal and others, 1992) 
as the result of continent-continent collision. 
In eastern Kentucky the structural relief on the top 
of the Precambrian Grenville basement rocks is greater 
than 13,000 feet from the northern boundary to the deep 
est part of the Rome Trough. Relief along the southern 
boundary is generally only about 7,000 to 8,000 feet, 
and locally much less. Farther south, basement deep 
ens into the Appalachian Basin. The resulting geom- 
etry is therefore a graben with a high north-bounding 
shoulder that steps down across a series of down-to- 
the-south normal faults and a lower south-bounding 
shoulder that deepens into the graben across a few 
down-to-thenorth faults. The graben generally deep 
ens to the east, ranging from about -5,000 to -8,000 feet 
along the Grenville Front to more than -17,000 feet at 
the Kentucky-West Virginia boundary. 
Several major fault orientations are associated with 
the eastern Kentucky part of the Rome Trough (Fig. 1). 
The most dominant are the east-northeast-oriented 
normal faults. These include the Kentucky River Fault 
System, which marks much of the northern boundary; 
the medial Irvine-Paint Creek Fault System; the south- 
bounding Rockcastle River Fault System; and several 
other smaller, named fault systems (Shumaker, 1987; 
Hamilton-Smith, 1988). . 
A number of northwest-oriented faults are known 
from surface geology in the western part of the trough 
area (McDowell and others, 1981; Noger, 1988). Based 
on surface relationships, the northwest-oriented faults 
have been interpreted to be basement faults that offset 
many of the east-northeast-oriented fauIts as the result 
of the later reactivation of this apparently early fault 
fabric. Recent aeromagnetic interpretations and geologic 
analyses also suggest the northwest-oriented faults are 
important major basement wrench systems in the east- 
ern Midcontinent (Dickas and others, 1992; Hendricks 
and others, 1994; Powers and Atekwana, 1994; Baars 
and others, in press; Stark, in press). Surface geologic 
and geophysical evidence indicates that most of these 
faults exhibit left-lateral offset, which is the dominant 
sense of motion assumed for the northeast-oriented 
basement faults on this map. 
To the southeast, several north-south faults appar- 
ently cut the basin. Two prominent fault systems may 
be responsible for the north-south Floyd County Chan- 
nel that separates the Pike County Uplift from the Perry 
County Uplift on the southern shoulder of the graben 
(Fig. 1). Immediately to the north, the Paint Geek U p  
lift, a north-south surface structure in parts of Elliott, 
Lawrence, Morgan, Johnson, Magoffin, and Floyd 
Counties, is likely related to an underlying, north-south 
basement structure or series of structures (Browning, 
1921; Huddle and W W ,  1924; Jillson, 1928; Robinson 
and Huddle, 1928; Miller and 1929; McFarlan, 
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1963; Lee, 1980). Lack of basement control in the area, 
however, does not allow the mapping of what may be a 
transverse basement structure in this part of the gra- 
ben. The north-south basement faults in Martin and 
Pike Counties are inferred from data from shallower 
horizons. (Shumaker, 1987; Hamilton-Smith, 1988; 
Hamilton-Smith and others, 1989; Lowry and others, 
1989). 
In the deepest part of the graben near the southern 
area of the surface expression of the Paint Creek Uplift, 
reflection seismic data show some high-angle reverse 
faults that cut basement. The faults may be related to 
the Paint Creek structure, which inverted during the 
middle(?) and late Paleozoic (Negus-de Wys, 1979; Lee, 
1980). Because the faults do not appear to extend above 
the Rome and Conasauga Formations, however, they 
are more likely a part of the Cambrian extensional event 
If this is true, the Cambrian event may not have been 
purely extensional in nature, but may have had a 
wrench component, which resulted in local 
transpressional s t r u m .  
Gravity interpretations by Ammerman and Keller 
(1979, Figs. 4 and 6) indicate the presence of a major 
down-to-the-south normal fault, with more than 3,000 
feet of throw, north of the Kentucky River Fault Sys- 
tem. This fault could represent the Kentucky extension 
of the Ohio River Fault System, recognized in southern 
Ohio (Baranoski and Riley, 1987). Such a fault would 
be oriented east-northeast and extend from northern 
$ .  
Rowan County to the Ohio River near the intersection 
of the Kentucky, Ohio, and West Virginia state lines. 
Well data in the area suggest much shallower basement 
south of the projected fault, especially in the Rowan 
County area, where basement is known to be on the 
order of -3,000 to -4,000 feet instead of the -6,500 that 
gravity information would seem to indicate. In addi- 
tion, there is no surface geologic evidence of such a fault 
(McDowell and others, 1981). One possible exception 
is some areally limited faulting south of Grayson, in 
Carter County, as shown by Wilson and Sutton (1976). 
For these reasons, an extension of the Ohio River Fault 
into Kentucky is highly unlikely, and it is not included 
on this map. 
The Waverly Arch, important during the Early Or- 
dovician (Cable and Beardsley, 1984), is not indicated 
by the available data and is not expressed in the con- 
tours of the basement surface. 
Deep-seated faulting of unknown orientation is 
thought to be responsible for the emplacement of Early 
Permian peridotite intrusions in eastern Elliott County 
(Bolivar, 1982; Zartman and others, 1987). The surface 
expression of the intrusion is shown on Figure 1, their 
basement configuration being unknown. 
Regional Tectonics 
The dominant east-northeast faults are likely caused 
by brittle extensional failure resulting from Cambrian 
continental-margin passive subsidence and flexure 
(Walker and others, 1992) or extensional stresses propa- 
gated northward from the Ouachita Rift across the Ala- 
bama-oklahoma transform fault (Thomas, 1991). The 
northwest faults may be related to the reactivation of 
early Grenville compression-related foreland wrench 
faults (Gordon and Hempton, 1986), while the north- 
south faults may represent reactivated Grenville terrane 
faults (Hamilton-Smith, 1988). 
The consequences of later tectonics on the structuIes 
of the Rome Trough are not well understood. The only 
evidence cited for fault reactivation during the Taconic 
orogenic event is from Maynor and MacQuown (1983). 
Others have suggested reactivation of Rome Trough 
faults and relative subsidence of the trough in general 
duing the same event (Donaldson and Shumaker, 1981; 
Dennison and Textoris, 1987). Post-Onandagan reverse 
faulting is known along the Warfield Fault in West Vir- 
ginia (approximate equivalent of the Rockcastle River 
Fault System of Kentucky) and is thought to reflect 
Acadian or Alleghenian orogenic events (Hamilton- 
Smith and others, 1989; Lowry and others, 1989). The 
Perry County and Pike County Uplifts have been sug- 
gested to be Mississippian inversions, but no support- 
ing evidence has been presented (Negus-de Wys, 1979) 
(Fig. 1). Alleghenian reversal of basement faults in the 
Rome Trough are indicated in the Floyd County Chan- 
nel (Negus-de Wys, 1979), the D'hvilliers Structure 
(Hamilton-Smith, 1988), the north-south faults in Mar- 
tin County (Hamilton-Smith and others, 1989), and 
along the Rockcastle River Fault System (Maynor and 
MacQuown, 1983) (Fig. 1). These Alleghenian reactiva- 
tions are likely related to the Early Permian emplace- 
ment of the peridotite intrusions in Elliott County 
(Bolivar, 1982; Zartman and others, 1967) (Fig. 1). Even 
later reverse faulting is known along the Kentucky River 
Fault System, where displacements are post-Pliocene 
(VanArsdale and Sergeant, 1987). 
Pre-Knox Sedimentary Rocks 
Large variations in thickness of the pre-Knox 
(Lower(?) and Middle Cambrian) strata in the Rome 
Trough area suggest that penecontemporaneous fault- 
ing was a controlling factor in sediment distribution. 
North of the Kentucky River Fault System, pre-Knox 
rocks range from 300 to 600 feet in thickness. South of 
this boundary fault, the pre-Knox unit abruptly in- 
creases to 1,000 to 2,000 feet in thickness and up to 10,000 
feet in thickness after crossing the Irvine-Paint Creek 
Fault System. South of the Rockcastle River Fault Sys- 
James A. Drahovzal and Martin C. Noger 
Figure 2. Type log for pre-Knox units in the Rome Trough. 
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tem, along the southern boundary of the trough, pre- countered hydrocarbon shows in pre-Knox rocks of 
Knox strata range from less than 1,000 to about 2,200 eastern Kentucky are shown by symbols on the map 
feet in thickness. and discussed in Harris and Baranoski (in review). 
The pre-Knox graben-fill sediments are predomi- 
nantly marine deposits. Stratigraphic nomenclature for 
the fill sequence has been adapted from nomenclature 
for the Appalachian Valley and Ridge (see Fig. 2), but 
more detailed stratigraphic and depositional studies are 
needed to understand these rocks in the trough. The 
marine rocks include medium- to dark-gray argilla- 
ceous limestone, siltstone, and green-gray to black shale, 
with interbeds of sandstone, especially in the lower 
parts of the fill sequence and in the western part of the 
graben. Locally red shale is also present (Hamilton- 
Smith, 1988; Thomas, 1991). These lithologies suggest 
deposition in conditions ranging from tidal-flat to rela- 
tively deep marine waters. In addition to conventional 
marine deposition, recent interpretation of limited re- 
flection seismic data provides evidence for the presence 
of turbiditic clastic sediments expressed as fan com- 
plexes in parts of the Rome Trough @rahovzal, 1994a- 
b). Turbidite deposition has also been suggested for the 
western part of the trough based on the interpretation 
of well data (Webb, 1980). 
Oil and Gas Production History 
%dve wells have produced oil or gas or have had 
shows in the pre-Knox sediments of the Rome Trough; 
however, to date, production has been irregular. In 1967, 
in Boyd County, the Inland Gas Company No. 529 White 
well was completed as an oil and gas producer in a sand- 
stone of the Rome Formation at a depth of 7,574 to 7,598 
feet. Initial production was reported as 32 barrels of oil 
per day and 90,000 cubic feet of gas per day. The well 
was abandoned in 1984 after producing about 32,000 
barrels of oil and an unknown quantity of gas. 
Records at the Kentucky Geological Survey list the 
Ashland Oil Company No. 1 Williams well in Johnson 
County as being completed as a gas producer in the 
Rome Formation (Conasauga Group of Ryder, 1992) in 
1986. Production is from a fractured shale interval at a 
depth of 6,250 to 6,350 feet. Initial open flow was re- 
ported as 1.055 million cubic feet of gas per day 
(MMCFGPD). A slight show of condensate was also 
reported. The well was reported as producing as of Sep- 
tember 1994, but production data were not available. 
FUTURE EXPLORATION POTENTIAL 
Pre-Knox reservoirs in the Rome Trough of Kentucky 
are attractive hydrocarbon exploration targets. Scattered 
oil and gas production and hydrocarbon shows from 
these reservoirs indicate that structural complexities and 
stratigraphic variations within the trough offer the po- 
tential for commercial entrapment of hydrocarbons. 
Most of the section has been sparsely tested, and thick 
untested intervals remain in many parts of the trough. 
Potential reservoirs include basin-floor and footwall- 
derived sandstone fan complexes (Drahovzal, 1994a- 
b), other marine sandstones, carbonates, and fractured 
shales (Harris and Baranoski, in review). 
While this map in its current form cannot be consid- 
ered a prospecting tool, its further refinement and com- 
bination with other critical data could signhcantly con- 
tribute to future oil and gas exploration efforts. 
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Figure 1.  Basement features referred to in the text.
Contour and fault lines are dashed where inferred.
? (Question mark) indicates vertical control is questionable.
+ (Plus sign) indicates Precambrian surface is deeper than listed value.
Reverse fault, R on upthrown side
Strike-slip fault, arrows indicate direction of relative movment
Normal fault, hachure on downthrown side
Structure contour
Contour interval 1,000 feet; multiples of 5,000 feet shown with heavy lines.
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EXPLANATION
Values are times 1,000 in feet below sea level.
East of the front, contours represent top of the Grenville Basement.
represent top of the Middle Run Formation and associated volcanic rocks.
West of Grenville Front, structure contours on top of Precambrian unconformity
-
6
-
8
-9
-8
-7
-
7
-
7 -6
-11
-
13
-
12
-
11
-
10
-
9
-15
-
12
-4
-
2
-3
-3
-12 -1
3
-
11
-11
-
9
-
8
-10 -10
-
10
-
11
-10
-11
-12
-
6
-
5
-
4
-
3
-
9
-
10
-
10
-
11 -1
2
-
13
-
14
-
13
-
12 -11
-
12
-
11
-
13
-
14 -
15
-
16
-17
-15
-
13
-
12
-11 -14
-
15
-
16
-
15
-
14
-
15
-
16
-
13
-
14
-13
-
14
-
12
-
11
-
10
-
9
-
9
-
8
-
6
-
12
-11
-11
-12
-13
-14
-13
-12
-14
-12
-13
-
11
-
10
-
9
-
6
-
8
-6
-5
-
4
-
3
-
8
-
9
-
10
-
11
-
7
-
7-7
-6
-7
-
11
-
3
-
4
-12
-
6
-
5
-5
-
5
-
5
-
5
-
6
-5
-
5
-6
-6
-6
-5
-11
-11
-11
-10
-10
-10-5
-
10
-
9
-
11
-
10
-9
-
9
-
10
-10
-9
-
6
-
7
-
8
-
9
-
11
-
10
-
9
-
8
-
9
-
9
-
10 -8
-
8
-
9
-
7
-
6
-
5
m
e
me
me
me
le
n
n
ahC
yt
n
u
oC
dy
olFc
-
tfilpU
reviR
eltsackcoR
Pa
in
t
Up
lif
t
Cr
ee
k
St
ru
ct
ur
e
D’
In
vi
lli
er
sUplift
Pike County
Uplift
Perry County
tsyStluaFreviR
elts
a
k
c
o
R
tsyStluaFkeerC
tniaPenivrI
tsyStluaFreviRykcutneK
t
n
or
F
elliv
ner
G
t
syStl
uaF
n
otg
ni
x
e
L
t
n
o
r
F
elli
v
n
e
r
G
R
R
R
Intrusions
Peridotite
-
6
-7
-
8
-
10
-
4
-11
-
6
-
6
No.1 Kazee
No.1 Williams
No.529 White
Type Log
-13.6
-8.5
-7.720+
-6.376
-5.803+
-9.610+
-9.8
-3.6
-4.208
-3.907
-3.628
-2.52
-6.0
-6.168+
-6.3
-2.5
-3.439
-7.0
-7.6
-7.1
-5.582
-7.46-6.7
-6.0
-5.316
-10.1
-6.639
-6.64
-6.3
-6.34
-11.188
-8.531+
-5.8
11.5
-8.397
-12.1-11.1
-11.1
-10.4
-8.850+
-9.0
-6.7
-8.221
-11.5
-10.3
-12.3
-11.3
-11.5
-11.5
-11.9
-13.1
-12.1
-13.0
-12.7
-13.4
-12.6
-12.7
-13.4 -13.4
-10.208
-12.5
-12.1
-8.1
-7.979
-8.9
-12.5
-11.6
-11.9
-10.5
-10.2
-10.8
-13.5
-13.6
-14.0
-12.6
-12.110
-14.5
-12.2
-11.2
-11.221
-9.9
-14.0
-13.6
-13.8
-9.812+
-15.8
-16.5
-14.6
-16.5
-14.6
-15.3
-13.7
-14.3
-13.2
-13.6
-13.3
-9.8
-9.8
-12.513+
-10.171
-13.773
-13.5
-12.8
-11.8
-18.610
-18.311
-4.125
-4.3
-4.8 -5.0
-5.2
-5.5
-5.4
-5.4
-5.5
-7.809
-13.931
-7.631
-6.003
-8.512
-7.025+
-11.641
-10.5
-11.8
-6.9
-7.0
-6.8
-8.8
-9.2
-9.172+
-10.240
-8.680+
-9.196+
-3.0
-2.6
-5.5
-3.8
-4.216
-4.181
-4.057
-4.807
-4.700
-3.726
-3.627
-3.768
-3.047
-2.213
-5.226+
-2.125
-3.772+
-4.105
-2.256+
-2.326
-5.040
-5.441
-4.834+
-4.668
-5 -5 -5.5
-5
-5
-6.007+
4.564+
-4.131+
-5.5
-3.896+
-4.748+
-4.609
-5.302+
-5.540
-6.928
-6.172+
-7.575
-5.605
-9.6
-9.5-5.6
-5.8
-9.3
-9.3
-10.4
-8.0
-8.3
-7.9 ?
-5.7?
-5.8?
-5.7?
-5.4?
-5.5?
-6.0?
-5.6?
